. Temperatures and synthesis times tested for the synthesis of ITQ-53. 
S3. Chemical and elemental analyses of the zeolite ITQ-53
The results of chemical and elemental analyses of the as-synthesised pure ITQ-53 sample are given in Table S2 . The chemical analysis gave a Si/Ge ratio of 1.1, similar to the gel composition (Si/Ge = 1.0). The (Si+Ge)/P ratio was 9.6, corresponding to 16 OSDA molecules per unit cell. The elemental analysis showed a C/P ratio of 14.1, which is close to that of the pure OSDA (13.0). This indicates that the OSDA remained intact during the synthesis. Table S2 . The results of chemical and elemental analyses of the as-synthesised zeolite ITQ-53.
In wt% In molar ratio
Si Ge P F C Si/Ge C/P P/F (Si+Ge)/P 
S4. Textural properties of ITQ-53
N 2 sorption and Ar sorption experiments of the calcined zeolite ITQ-53 were performed on a
Micromeritics ASAP 2420 and a Micromeritics ASAP 2020, respectively. Upon zeolite calcination at 400 °C in dry air, the BET surface area and the total micropore volume of ITQ-53 (calculated from the N 2 adsorption isotherm by applying the t-plot method) were 533 m 2 /g and 0.22 cm 3 /g, respectively. The micropore distribution calculated by applying the HovarthKawazoe formalism to the Ar adsorption isotherm showed a maximum at 8.1 Å (Fig. S2) . 
S5. Solid state MAS-NMR of the ITQ-53 samples
The 13 C MAS-NMR and the 31 P MAS-NMR spectra of the as-synthesised ITQ-53 show that the phosphorus-containing OSDA is intact in the sample (Fig. S3) , which was also suggested by the chemical analysis (Table S2 ).
The 13 C MAS-NMR spectrum presents the same number of signals than that of the original OSDA in solution, at almost the same chemical shifts. The 31 P MAS-NMR spectrum shows one band at 50.0 ppm, coincident with that of the OSDA in solution (at 50.1 ppm), but presents also a second band at 48.3 ppm. This second signal can be due to a second location of the OSDA in the channels, producing a different interaction between the P atom and the corresponding counter-ion.
The 19 F MAS-NMR spectrum of the as-synthesised material shows a single resonance at -8.8
ppm (Fig. S4 ). This resonance can be attributed to F -anions located in D4R units. 
S5

S6. Structure determination of ITQ-53 and the SAS-type zeolite by RED
The powders of initially-synthesised ITQ-53 sample were crushed, dispersed in absolute ethanol and treated by sonication for one minute. Then, a droplet of the suspension was transferred onto a copper grid covered with carbon film. The TEM sample was observed on a JEOL JEM-2100 microscope operated at 200 kV using a single-tilt tomography sample holder.
460 ED frames, with a tilt range of 84.36° and a tilt step of 0.20°, were recorded in selected area electron diffraction (SAED) mode on a 12-bit Gatan ES500W Erlangshen camera side-mounted at a 35 mm port. The RED data collection and processing software 1 was used for threedimensional electron diffraction (ED) data collection and process, respectively.
The 2D SAED frames were combined to reconstruct the three-dimensional reciprocal lattices using the software RED -data processing, which includes shift correction, peak search, unit cell determination, indexation of reflections and intensity extraction. The maximum intensity value for each detected reflection was used, while intensities of reflections that cannot be detected by peak hunting were assigned as 0.0. A list of hkl intensity was extracted from RED data and used for structure solution by direct methods using the SHELXS-97 program 2 . A significant electron beam damage of the crystals was observed during the data collection. Thus, the maximum intensities of the symmetry-related reflections were used for the structure refinement instead of the symmetry-averaged intensities.
Two different phases were found in the initially synthesised ITQ-53 samples, ITQ-53 and a SAS-type phase. Details of the 3D-RED data collection and crystal data of ITQ-53 and the SAS-type phase are given in Tables S3 and S4 , respectively. The reciprocal lattice of the SAStype phase reconstructed from the RED data is shown in Fig. S5 . 
No. of parameters 130
No. of restraints 62
1 The structure refinement was based on the structure model with Si atoms in all the T-sites. The occupancy of Si/Ge at each position could not be refined. No. of independent reflections 379
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No. of parameters 33
No. of restraints 12
1 The structure refinement was based on the structure model with Si atoms in all the T-sites. The occupancy of Si/Ge at each position could not be refined.
S7. Rietveld refinement of as-synthesised and calcined ITQ-53 against the PXRD data
Powder X-ray diffraction data of the as-synthesised ITQ-53 sample were collected in a Anton Paar XRK-900 chamber attached to a PANalytical X-Pert Pro diffractometer using Bragg-Brentano geometry, with Cu Kα radiation (45 kV, 40 mA) and an X'Celerator detector.
The monoclinic model was refined against the PXRD data of the as-synthesised ITQ-53 by
Rietveld refinement using TOPAS Academic V4.1 3 with soft restraints for the T-O bond distances and O-T-O angles. Two unique F atoms were added manually in the D4Rs obtained from the 19 F NMR (Fig. S4) . All the T positions were refined with mixed occupancies of Si and
Ge with a fixed overall Si/Ge ratio of 1.1. Rigid body restraints were applied to OSDAs. Two unique OSDAs were added according to the elemental analysis and 31 P NMR spectrum. One guest water molecule and one hydroxyl OH -group were added based on the residual electron densities in the difference Fourier maps and also considering the charge balance. The final refinement converged to R B = 1.89%, R wp = 6.86% and R exp = 2.55%, as given in Table S5 . 
PXRD data collection
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S8. Topology analysis of the ITQ-53 framework
Topology analysis of the ITQ-53 framework was performed using TOPOS 4 . The visualisation of nets and tiling was generated using 3dt 5 . S18 Figure S9 . Illustration of the channel system in ITQ-53 using tiling. 
